background Resource-limited settings are increasingly experiencing a 'triple burden' of disease, composed of trauma, non-communicable diseases (NCDs) and known communicable disease patterns. However, the epidemiology of acute and emergency care is not well characterised and this limits efforts to further develop emergency care capacity. Objective To define the burden of disease by describing the patient population presenting to the Accident and Emergency Department (A&E) at Kenyatta National Hospital (KNH) in Kenya. Methods We completed a prospective descriptive assessment of patients in KNH's A&E obtained via systematic sampling over 3 months. Research assistants collected data directly from patients and their charts. Chief complaint and diagnosis codes were grouped for analysis. Patient demographic characteristics were described using the mean and SD for age and n and percentages for categorical variables. International Classification of Disease 10 codes were categorised by 2013 Global Burden of Disease Study methods. results Data were collected prospectively on 402 patients with an average age of 36 years (SD 19), and of whom, 50% were female. Patients were most likely to arrive by taxi or bus (39%), walking (28%) or ambulance (17%). Thirty-five per cent of patients were diagnosed with NCDs, 24% with injuries and 16% with communicable diseases, maternal and neonatal conditions. Overall, head injury was the single most common final diagnosis and occurred in 32 (8%) patients. The most common patientreported mechanism for head injury was road traffic accident (39%). Conclusion This study estimates the characteristics of the A&E population at a tertiary centre in Kenya and highlights the triple burden of disease. Our findings emphasise the need for further development of emergency care resources and training to better address patient needs in resourcelimited settings, such as KNH.
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IntrOduCtIOn
In low-income and middle-income countries (LMICs), stochastic infectious disease patterns are compounded by an increasing incidence of non-communicable diseases (NCDs) (such as heart disease and diabetes) and trauma (largely secondary to automotive accidents). This shifting epidemiology results in the well-described 'triple burden of disease': a baseline infectious disease burden with increasing NCD, and trauma, highlighted in the 2010 Global Burden of Disease (GBD) study. 1 2 Resource-limited health systems in East Africa have a reduced ability to care for patients presenting with acute care needs. 3 Among their limitations is the widespread underdevelopment of emergency care systems. 4 5 In most of Sub-Saharan Africa, Emergency Medicine (EM) is not a recognised specialty, 6 and there is an associated absence of data describing patients presenting for acute, emergent and urgent care, as well as the overall burden of disease in this setting. Open Access receive a disproportionate share of health funding in LMICs, [7] [8] [9] [10] which is also attributable to a lack of baseline data, hindering development of trauma and cardiac resuscitative care systems. 11 Resource-limited countries would benefit from a combination of disease surveillance, health workforce education and resource prioritisation to address all categories of disease, particularly as it relates to emergency care. 12 Therefore, to continue to define the baseline burden of acute disease in this part of the world, we conducted a prospective, observational study, in the Accident and Emergency Department (A&E) of Kenyatta National Hospital (KNH) in Nairobi, Kenya. The primary objective of our study was to characterise the presenting complaint, medical conditions, diagnoses and disposition of patients seen in the KNH A&E.
MethOds study setting and participants
This is a single site study at the largest, public hospital in Kenya that is an 1800-bed tertiary care facility. Emergency services at KNH provide care in three areas: the A&E, the Paediatric Emergency Unit (PEU) and the Outpatient Clinic. Providers in A&E care for adult patients presenting with high-acuity medical and surgical conditions as well as severely injured adults and children. The PEU provides medical care to children aged 0-12 years. Patients older than age 12 or injured (including burns) are directed to the A&E. The annual patient census of these combined areas in 2014 was 163,426, with 69,294 patients treated in the A&E (R Maina, personal communication). The A&E is staffed by full-time and part-time medical officers and nurses, as well as nursing and emergency medical technician (EMT) students. Medical officers are physicians who have completed medical school and 1 year of internship. No medical officers have completed EM residency training; instead, they have varying expertise and postgraduate (consultant) training. Selected A&E staff have completed the equivalent of Advanced Cardiac Life Support (ACLS), Advanced Trauma Life Support (ATLS) and possible disaster training. Many nurses have completed an additional 1 year emergency nursing certification course, a nursing training programme unique to KNH.
All patients access care in the A&E through a single triage point staffed by nurses, nursing students and/or EMT students. At triage, patient information, including chief complaint and limited vital signs are collected in paper logbooks; additional documentation is completed on one sheet of letter-sized paper. Patients are triaged as critical or non-critical. If critical, they are immediately directed to an acute resuscitation area in the A&E for care. If non-critical, patients are directed either to the Outpatient Clinic, to the PEU (age 12 and under) or to the A&E waiting area.
data collection
Patients were enrolled in this study by a team of research assistants (RAs) via convenience and systematic sampling of every sixth patient registered in triage during 8 hour shifts from 11 March 2015 to 30 May 2015. If a sixth patient was not eligible or unavailable for the study, the RAs sought to enrol the very next (seventh) patient, and then resumed every sixth patient following that enrolment. Each RA enrolled patients approximately 40 hours per week and their 8-hour shifts included varying time frames across all 24 hours of the day and days of the week but were not randomised nor consecutive. This allowed a sampling of all time frames during the available working hours of the RAs.
All patients presenting to A&E who could complete an informed written consent, or had next-of-kin available to consent, were eligible for this study. Patients were excluded if they could not consent and next-of-kin was not available, were unwilling, or were sent to a treatment area outside the A&E. The first RA was placed in triage to identify every sixth patient. The second and third RAs completed consent, and collected initial information from the patient and chart throughout the visit. Because patient visits extended outside of data collection shift times, a fourth RA completed the data collection and, if admitted, tracked patients in the hospital. Data were entered via electronic tablets into REDCap, 13 a secure, online database, supported by the University of Minnesota.
14 Data collected included age, sex, chief complaint, mode of arrival, transfer status, acuity level, patient-reported trauma history, discharge diagnoses and disposition. If a patient reported a road traffic accident, he or she was asked if he or she was wearing a seatbelt. If a patient reported riding a motorcycle, he or she was asked about wearing a helmet. Patients were also given the opportunity to, but not required to, report their HIV status (if known).
Chief complaints and discharge diagnoses collected by RAs were assigned International Classification of Disease 10 (ICD-10) codes, as utilised in similar research settings. 15 16 This was completed by specially trained RAs and classifications for both common and rare diagnoses were reached through consensus among the group and with the oversight by the principal investigator.
We aimed for a sample size that would be representative of the entire patient population. Our sample size (n=402) was powered a priori to capture chief complaints/diagnoses that that occur in as few as 4% of the population with a precision of ±2%. Our sample provides an overview of common complaints at KNH over the specified time frame. We used the following formula for estimating the prevalence of disease in a standard population:
where n=sample size, Z=Z statistic for level of confidence, p=expected prevalence or proportion and d=precision.
Open Access data analysis For descriptive purposes, chief complaint and diagnosis codes were grouped for analysis in the WHO's 21 chapter format. 17 Additionally, we grouped codes in accordance with the 2010-2013 GBD studies. 2 18 19 This method partitions diagnoses in three main categories: (1) NCDs; (2) communicable diseases, maternal, and neonatal conditions (CD&Ms) and (3) injuries. This provides a simple comparison between known overall global (and country-level) patterns of disease to diseases presenting acutely for care. To our knowledge, this has not been applied to the acute care setting prior to this study.
All data analysis was completed using STATA V.14 (Stata, College Station, Texas, USA) and mapping was completed using ArcGIS V.10.1 (Esri, Redlands, California, USA). The University of Nairobi/KNH Ethics Review Committee and the University of North Carolina at Chapel Hill Institutional Review Board approved the study.
results
The A&E registered 14 956 patients during the study period. 13 During the RA shifts, 449 eligible patients were identified. Of these, 47 were excluded for a final sample size of 402. The number of eligible patients was less than every sixth patient as total RA enrolment hours in the A&E were determined based on the sample size calculation. Importantly, final RA shifts encompassed all days of the week and all hours of the day. Reasons for exclusion included: eight (17%) could not be consented due to a language barrier or were in critical condition and/or next of kin were unavailable, 10 (21%) refused participation, two (4%) were sent to labour and delivery, one (2%) was sent to the PEU, three (6%) were sent to other outpatient clinics and 26 (55%) left the A&E before consent.
Presenting patient chief complaints and subsequent final A&E diagnoses were grouped according to three major categories of the GBD study. Among chief complaints, 25% were injuries, 24% were NCDs and 7% were communicable diseases and maternal or neonatal conditions (figure 1). Forty-four per cent were grouped as 'other' according to this methodology. A&E final diagnoses were composed of 24% injuries, 35% NCDs and 16% were communicable diseases and maternal or neonatal conditions (figure 2). Twenty-five per cent were grouped 'other'. The top-five chief complaints and diagnoses are listed within each category in figures 1 and 2.
The average age of participants was 36 years (SD 19 years), and patients were 50% female. Patients were most likely to arrive via taxi or bus (39%), walking (28%) or ambulance (17%). During the study period, A&E nursing were undergoing training on the South African Triage Scale (SATS), 20 to replace the former gestalt method. Since the training was not completed at the time of data collection, trained RAs and the primary investigator used available patient information to estimate the triage level based on SATS methodology. Seven per cent of patients were triaged as 'emergent', 14% as 'very urgent' 35% as 'urgent', 35% as 'routine' and 9% 'undesignated'. Referrals/transfers from outside health centres comprises 37% of subjects. The majority of patients (62%) were discharged and 17% were admitted. One per cent was considered dead on arrival, 1% died in the A&E, 4% left against medical advice or eloped, 1% were transferred to another hospital and 6% of patients underwent a medical 'review' i or were evaluated by a subspecialist in the A&E. The remaining 10% of patients had missing or incomplete information on their chart, and the RAs i Patients presenting for a medical 'review' usually present with test results from a clinic or outside hospital for subspecialty evaluation. RAs were unable to ascertain the exact disposition of this entire category of patients but noted these patients were likely discharged and not found in the admission logbook. Acuity level (estimated)* Emergency (red) 29 (7) 3 (14) 5 (11) 20 (7) 4 (9) Very urgent (orange) 55 (14) 4 (18) 11 (23) 39 (13) 4 (9) Urgent (yellow) 140 (35) 8 (36) 12 (26) 107 (35) 18 (41) Routine 141 (35) 3 (14) 14 (30) 110 (37) 14 ( (10) 3 (14) 7 (15) 29 (10) 2 (5) *Determined by research assistants and/or primary investigator utilising the South African Triage Scale(SATS). 20 †Patient reported. A&E, accident and emergency department; DOA, death on arrival; DAMA, discharged against medical advice.
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were unable to ascertain their disposition (table 1). The majority of patients were from Nairobi proper ( figure 3) .
Overall, abdominal pain was the single most common chief complaint and occurred in 47 (12%) of patients. The most common WHO chapter was injury (table 2) . Head injury was the single most common final diagnosis and occurred in 32 (8%) patients. The most common patient-reported mechanism for head injury was road traffic injury (RTI) (39%), followed by assault (36%) and fall (9%) (table 3).
Forty-three per cent of participants reported a negative HIV status. Comparatively, 2% reported being HIV positive, 47% reported an 'unknown' status and 8% declined to respond. dIsCussIOn This study provides an important overview of patients presenting for emergency care in Kenya. Wachira et al characterised patients presenting to a variety of A&Es across Kenya over a single 24 hours time period and found that trauma, respiratory tract infections and malaria were the leading diagnoses. 21 House et al conducted a more comprehensive analysis of A&E care by retrospectively analysing all patients over a 1-year period at Moi Teaching and Referral Hospital, a public tertiary hospital in western Kenya. The top three A&E diagnoses were injuries, infections and mental health disorders. 16 Additional studies have focused on patients with acute coronary syndrome 22 and emergency obstetrical care. 23 Our results demonstrate a 'triple burden' of acute disease in the KNH A&E of NCDs; communicable diseases, maternal and neonatal conditions (CD&Ms) and injuries, similar to the previously described triple burden of disease that is affecting Sub-Saharan Africa. 1 24 In Kenya, specifically, CD&Ms, NCDs and injuries rank first, second and third, respectively, for premature death (Years of Life Lost). Overwhelmingly, in 2015, CD&Ms were responsible for the most causes of death, premature death and disability. 25 However, our study demonstrates the opposite patterns of disease presenting for acute care; CDs were the most common cause, followed by injuries, with the least presentations for CD&Ms.
non-communicable diseases
NCDs account for 24% of chief complaints and 35% of A&E diagnoses. Among NCDs, cardiovascular disease was the most common condition and the second most common of chief complaints. In the GBD study, Lozano et al found that NCDs, such as ischaemic heart disease, have become the greatest burden of disease worldwide, in terms of years of life lost (YLL). 2 The same study reports that in Eastern Africa, ischaemic heart disease ranks #17 in YLL, and unfortunately, age-matched death rates due to NCDs are higher in LMICs. 26 Addressing this burden is challenging since global health initiatives and media coverage (eg, of the Ebola virus and Zika virus crises, etc) Figure 3 Kenya providence of origin of study patient population. Table 3 Characteristics of patient population with head injury as defined by WHO International Classification of Disease 10 code block 'injury to the head' by age group. All data are presented as n (%) unless otherwise noted.
Characteristic All patients (n=33) <5 years (n=2) ≤17 years (n=5) 18-64 years (n=28) ≥65 years (n=0)
Age, mean (SD) 29 (14) 3 (1) 5 (2) 33 ( (20) 3 (11) Very urgent (orange) 8 (24) 1 (50) 2 (40) 6 (21) Urgent ( which may be influencing public perception 30 and funding priorities. There is a need for preventive efforts and funding for improving acute care systems in Kenya to respond to the growing burden of NCDs.
Injuries
Injuries account for approximately one-quarter of both chief complaints (25%) and final diagnoses (24%). Head injury was by far the most common-comprising 26% of injury diagnoses and affecting 8% of all patients. The most common reported mechanism of head injury was RTI (39%). A similar trend was found at Moi Teaching and Referral Hospital in Western Kenya, where RTI was the most common chief complaint, and head injury was in the top five diagnoses. 16 Additionally, in a study from Kampala, Uganda (neighbouring Kenya), RTIs were the most common causes of injury for all age groups and 75% of admitted trauma mortality had concomitant head injury. 31 Traumatic brain injury (TBI), most commonly caused by RTIs is likely underreported in Africa, due to poor access to care and absence of injury surveillance. 32 The international collaborative trauma study, Clinical Randomisation of an Antifibrinolytic in Significant Haemorrhage (CRASH) predicts that patients with TBIin LMICs have over twice the odds of dying following severe TBI (OR 2.23, 95% CI 1.51 to 3.30). 33 The high incidence of head injuries related to road traffic crashes in Kenya should raise concern.
Studies from LMICs demonstrate that legislative-based interventions are the single most effective strategy for reducing road traffic injuries and death due to RTIs. 34 Of the 14 patients with head injuries from RTIs in our study, none reported use of seatbelts and/or helmets. This is lower than previously reported by Saidi et al in 2014 in admitted trauma patients at KNH, where 11.6% of occupants wore seatbelts and 18.2% of motorcycle passengers wore helmets. 35 This discrepancy may be due to the relatively low number of patients in this category and reliance on patient reporting. While motorcycle helmet, seat-belt and drunk driving laws exist in Kenya, they are poorly enforced. 36 In 2010, a consortium including the WHO, Johns Hopkins University (JHU), and local Kenyan partners launched the Road Safety in 10 Countries (RS-10) campaign. This programme aims to reduce mortality from RTIs through social marketing, strengthening public health legislation, training local law enforcement and improving trauma care and data surveillance systems. 37 This multifaceted approach holds promise, as there has been a modest increase in helmet utilisation and decrease in road speeds as a result. 38 Communicable, maternal, perinatal and nutritional disease The third major GBD study category, infectious diseases and maternal or neonatal conditions, appears to comprise a lesser share of the total burden of acute disease at KNH, comprising only 16% of final diagnoses. This is curious, given that top five causes of death in this category in Kenya are from HIV/AIDS, diarrhoea, lower respiratory tract infections, neonatal encephalopathy, preterm births.
25
The contribution of chronic infectious diseases, such as HIV, on acute health conditions is not well elucidated by this study. The HIV prevalence in this study was 2% (self-reported), which is lower than the documented HIV prevalence among adults aged 15-49 years in Kenya in 2014 of 5.3%. 39 However, almost half (47%) of patients in our study reported an unknown HIV status. Therefore, it is possible that there is a hidden HIV burden among patients at KNH's A&E, who largely originate from Nairobi's large urban areas. HIV testing in the Emergency Department is well studied and practised 40 41 and is crucial for vulnerable populations, whose only access to healthcare may be the Emergency Department. 42 As such, the A&E represents an opportunity for improved detection and surveillance of infectious diseases in Kenya and other LMICs.
Finally, this category includes maternal and neonatal conditions. As a primarily adult, A&E with a separate PEU, many neonatal conditions are evaluated in the PEU, such as lower respiratory illnesses and diarrheal diseases, which rank #2 and #3 for YLL in Kenya, respectively. 43 Conducting a similar study in the PEU would provide a more comprehensive understanding of these paediatric conditions.
Other (undifferentiated disease) Third category of 'other' consists of diagnoses and chief complaints that do not fit into the GBD categorisation.
Characteristic
All patients (n=33) <5 years (n=2) ≤17 years (n=5) 18-64 years (n=28) ≥65 years (n=0)
*Determined by research assistants and/or primary investigator utilising the South African Triage Scale(SATS). 20 †Collected by research assistants. Categories are not mutually exclusive. A&E, accident and emergency department; DOA, death on arrival; DAMA, discharged against medical advice. 
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These are syndromic complaints such as 'abdominal pain', 'chest pain' and 'headache'. These complaints fall under 'symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified' which comprised the majority of our chief complaints (44%). These undifferentiated complaints were better categorised into one of the three GBD categories as their final diagnoses were elucidated (undifferentiated final diagnoses made up 25%). There is a need for specialised training for evaluating patients with undifferentiated and syndromic complaints, an area where EM training is well suited. 44 The specialty of EM is by nature multidisciplinary, allowing for the rapid triage and treatment of acute injury or illness of all organ systems and populations. A proficiency in stabilising therapeutics and procedures acquired from a multitude of medical and surgical specialties, gives the EM-trained physician a decided advantage and efficiency for treating undifferentiated A&E patients. Further, EM-trained physicians demonstrate improved consistency and quality of care in Emergency Departments. [45] [46] [47] However, EM as a specialty, is not recognised by the Kenya Medical and Dentists Board (KMDB). EM development in Kenya starts with recognising EM as a specialty, which could allow residency-trained emergency physicians to form local faculty for training of healthcare providers in EM. 6 
study limitations
The ratio of GBD categories presenting to KNH appears different than Kenya's country level burden of disease pattern. This could be due to the lack of paediatric data as our study does not include patients who presented to the separate PEU. The paediatric patients that we captured were skewed towards the critically ill and injured paediatric population. A study describing the population presenting to the PEU would certainly add to our body of knowledge in this area. This could also be due to seasonal variation in presentations. Finally, the 25% of final diagnoses that remain in the 'undifferentiated' category may also contribute to this difference.
As a tertiary care hospital, the burden of disease detected at KNH will be skewed towards higher acuity conditions than would be present in secondary or primary level centres with emergency care. Therefore, the generalisations of emergency care burden to the other hospital settings in LMICs should be made cautiously. However, the results of this study, combined with the findings at Moi Teaching and Referral Hospital provide an excellent snapshot of tertiary care epidemiology in Kenya. 16 Future studies evaluating district and rural A&Es, combined with our data, would provide an improved picture of the acute disease burden in Kenya.
A potential pitfall of using GBD categories to assess emergency care is the imprecision in grouping chief complaints and undifferentiated illness. The net effect, when comparing to other GBD studies, would be an underestimation of the burden of acute disease. Since chief complaints may better characterise acute disease, 44 it could be argued that future GBD should include variables to capture this data. ICD-10 is the international standard for categorising epidemiological and health management data and is used to classify diagnoses as well as reasons for consultation (chief complaint). 17 However, concessions to better capture the ICD-10 category, 'symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified' would be valuable.
There were limitations due to current A&E data systems. The A&E is high volume with paper-based charting and minimal patient tracking. There are no centralised patient tracking boards or electronic tracking systems. There is variability in the extent of documentation among health providers. RAs had to personally follow their enrolled subjects throughout each shift. Our RAs noted that some patients bypassed triage and were not recorded in the triage book and therefore were not included in their systematic sampling. These missing data limit the accuracy of the disposition estimates. These challenges were not anticipated and will be taken into account in the design of future studies. Additionally, although it would be ideal to enrol every patient for the most accurate description of the total burden of disease, systems for a complete prospective registry in this setting are currently not available.
In addition, the requirement for an informed written consent for this registry project forced sampling bias, as critically ill patients could not be consented and therefore were excluded. This combined with difficulties tracking patient disposition, it is likely that actual admission and death rates are higher than our estimates. Based on our review of their admission logbooks and the total patient census, we estimate that 30% of patients typically are admitted, appreciably higher than our results. As long as written consent is required and due to the limitations of a prospective study design in this setting, it is likely that a retrospective study may yield more accurate data for certain statistics, such as admission rates. However, retrospective studies have other associated limitations and, given our experience, it is likely that in LMIC A&Es, retrospective and prospective studies fulfil different roles.
COnClusIOns
This pilot study is a novel, prospective study characterising the A&E population at a tertiary care centre in Kenya. This study highlights the growing burden of injuries and NCDs-compounding the existing burden of communicable conditions, presenting for acute care. The majority of patients are presenting with acute conditions related to NCDs and injuries. The prevalence of infectious disease is likely underreported by this study. Given large patient volumes, shifting epidemiology and the growing recognition of the importance of emergency care, a comprehensive understanding of the acute care needs at Kenya's largest referral centre is long overdue, both to guide patient care in the acute setting and to inform broader public health and policy agendas. Our findings provide an initial frame of reference in which to guide development of emergency resources and training at KNH.
